The source of increased water vapor mixing ra-regions of convective outflow. These studies dealt with varitios over the central and eastern tropical Pacific region during ations in relative humidity over a broad region of the tropthe 1992 E1 Nifio event is examined using measurements of ical upper troposphere (i.e., 200-500 hPa). Presently, it is upper tropospheric water vapor provided by the Microwave Limb Sounder (MLS) on board the Upper Atmosphere Research Satellite. Horizontal winds on isentropic surfaces are combined with ISCCP cloud information to provide backtrajectory calculations free of high clouds. These calculations show that the water vapor mixing ratio of an air parcel in the cloud-free regions of the eastern Pacific decreases to approximately one-half of its original value within the first 30 hours after encountering deep convection. This analysis also finds a larger number of air parcels encountering deep convection within 30 hours of observation, and therefore having higher mixing ratios, in March-April 1992 compared to March-April 1994. Hence, increased deep convection over the equatorial central and eastern Pacific in 1992 contributed to the moistening of the downstream tropical upper troposphere.
Introduction
The net outgoing longwave radiation is sensitive to changes in humidity that occur in regions of the upper troposphere where the background humidity is low (e.g., [Udelhofen and Hartmann, 1995] ). A key question in climate change studies is whether surface warming in the tropics, and a subsequent increase in the frequency and/or intensity of deep convection, would lead to an overall moistening or drying of the tropical upper troposphere [Lindzen, 1990] . Previous studies examining geographic relationships between upper tropospheric humidity, convective cloud amount, and surface temperature either locally or averaged over large spatial scales [$oden and Fu, 1995; Newell et al., 1997; Liao and Rind, 1997; Yang and Tung, 1998] 
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Paper number 1999GL010477. 0094-8276/00/1999GL010477505.00 unclear whether moisture throughout the uppermost tropsophere (above 300 hPa) will change uniformly in response to changes in convection, or whether this response will be dependent on altitude. To address this point, measurements with more accurate vertical registration are needed. The MLS water vapor measurements are capable of focusing on a specific region of the upper troposphere centered near 215 (4-25) hPa.
In the present study, we diagnose the origins of water vapor anomalies and their proximity to regions of deep convection using isentropic back trajectory calculations. The results of these calculations are combined with cloud information and the MLS observations to derive a relationship between an air parcel's water vapor mixing ratio and the time elapsed since it encountered deep convection. This relationship illustrates how changes in the transport of water vapor from a convectively active region moistened the upper troposphere over the central and eastern tropical Pacific during the 1992 warm E1 Nifio/Southern Oscillation (ENSO) event.
Data
The UARS MLS instrument utilizes a limb-scanning technique to passively monitor the 205 GHz band, which is sensitive mostly to emissions from the N2, 02, and water vapor continua [Read et al., 1995] . For the present study, we utilize 
Back Trajectory Calculations
Isentropic back trajectory calculations are combined with ISCCP cloud information to: (1) describe the relationship between water vapor mixing ratios of air parcels sampled by MLS and the time elapsed since they encountered deep convection; and (2) diagnose any changes in the transport of water vapor away from deep convective regions that may have contributed to the observed differences over the eastern Pacific between the 1992 and 1994 periods (Figure 1) .
The MLS retrieval is most reliable at the 215 hPa level, where water vapor mixing ratios generally range between 100-300 ppmv [Read et at., 1995] . At this level, the retrieval uncertainties are clearly smaller than the magnitude of the observed variations from year to year (Figure lb) . In the tropics, the 215 hPa pressure level lies near the 350 K isentropic surface. Assuming that an air parcel in clear regions of the tropics near 215 hPa cools at the rate of ,•1 K day -x [Holton, 1992] , the parcel's subsidence rate is on the order of ,•10 hPa day -x After five days, the amount of subsidence could be comparable with the width of the MLS weighting function at 215 hPa, which peaks between 190 hPa and 240 hPa. Therefore, we select an upper limit of five days for the range of the back trajectory calculations. The amount of subsidence over this period should be small enough to allow winds from the 350 K isentropic surface and water vapor information from the 215 hPa level to be representative of conditions encountered by a parcel along its back trajectory.
For 
Results
We first examine more than 700 trajectories originating within the region of interest between January and April 1992. When all trajectories are considered, there is a large scatter in the MLS water vapor mixing ratio as a function of time elapsed since convection was encountered, and thus no clear relationship emerges.
The presence of cirrus clouds along the back trajectories complicates the assumption of isentropic transport, either through the evaporation of ice particles in the dry cloud free regions or through diabatic heating anomalies [Sherwood, 1999] . We account for this by screening each back trajectory for the presence of high clouds (i.e. cloud-top pressures • 310 hPa) using the ISCCP D1 cloud data set. If a parcel far from a region of (daytime) deep convection encounters a region where the high cloud fraction exceeds 5% then that trajectory is disregarded on the grounds that cirrus clouds may be present. When only those back trajectories free of high clouds are considered, a relationship emerges between 215 hPa water vapor mixing ratio sampled by MLS and the elapsed time since this air last encountered deep convection (Figure 2) . On average, the mixing ratios of parcels at 215 hPa that encountered deep convection within thirty hours of being sampled by MLS are approximately 50 ppmv higher than the mixing ratios of parcels encountering convection after more than thirty hours. Because of the uncertainties in the MLS retrievals and the assumptions made in the back trajectory calculations, we emphasize the qualitative nature of the result plotted in Figure 2 . 
Conclusion
In the present study we examine MLS water vapor retrievals for the region of the upper troposphere near 215 hPa and assume that the history of an air parcel sampled by MLS can be traced from isentropic flow on the 350 K surface over relatively short time periods (• 5 days). We have found that when the elapsed time since encountering deep convection is in the range of 20-30 hours, a parcel's mixing ratio is reduced by roughly a factor of two compared to air parcels which have just exited from a convective region (Figure 2) . For typical atmospheric conditions near 215 hPa in the tropics over the March-April period, it would take approximately 4-5 days for a parcel's mixing ratio to decrease by a factor of two due to subsidence alone, assuming a cooling rate of --1 K day -x.
Because the trajectories have been screened for the presence of high cloud, this observed decrease within the first 20-30 hours is presumably due primarily to mixing with surrounding dry air in the cloud free regions. The mixing ratios of air parcels more than two days removed from a convective region are about one-third to one-quarter of values for air parcels just exiting convection. ET 
